With advancing age, the ability of humans to detect and discriminate odors declines. In light of the rapid progress in analyzing molecular and structural correlates of developing and adult olfactory systems, the paucity of information available on the aged olfactory system is startling. A rich literature documents the decline of olfactory acuity in aged humans, but the underlying cellular and molecular mechanisms are largely unknown. Using animal models, preliminary work is beginning to uncover differences between young and aged rodents that may help address the deficits seen in humans, but many questions remain unanswered. Recent studies of odorant receptor (OR) expression, synaptic organization, adult neurogenesis, and the contribution of cortical representation during aging suggest possible underlying mechanisms and new research directions.
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Why olfaction and aging?
The decline in the ability to detect and discriminate odors in aged humans leads to a decrease in the quality of life and diminished appetite with accompanying impacts on nutritional status (for a review, see [1] ). Decreased olfactory function with aging parallels generalized age-related deficits in sensory functions and cognition that occur in the absence of obvious disease states.
The olfactory system resembles other sensory systems in translating sensory stimuli into distinct perceptions and motivations. However, it is unique in offering an opportunity to use molecular diversity to probe how information extracted from sensory stimuli generates different perceptions. Using this molecular diversity, the field has gained information about the sensory signals generated by different ORs (see Glossary) and begun charting the organization of sensory signals from the nose to the olfactory bulb and hierarchically to the olfactory cortices. These molecular and genetic tools, together with the abundance of information on behavioral responses to odorants, are helpful in dissecting the mechanisms that underlie age-related changes in olfactory function.
The paucity of information available on cellular or molecular changes in the aged olfactory system is startling. A rich and detailed literature documents declines in olfactory acuity, sensitivity, and discrimination in aged human populations, as well as the olfactory deficits that appear with the onset of specific age-related disorders such as Parkinson's disease and Alzheimer's disease (for a review, see [2] ). Behavioral studies of olfactory function in aged rodents parallels the findings in humans with decreased sensitivity and ability to discriminate odors (e.g., [3] [4] [5] [6] ). However, studies of the mechanisms underlying olfaction during nonpathological normal aging are few in number. Rawson and colleagues suggested that isolated human olfactory sensory neurons (OSNs) had a decrease in both sensitivity and selectivity to odorant mixtures, a developmental change that may contribute to age-related declines in olfactory function [7] . However, despite the suggestion that OSN dynamics may change with aging, olfactory bulb glomerular organization of aged humans does not appear
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Glossary
Dendrodendritic synapses: synapses occurring between two dendrites. Held in contrast to axodendritic synapses that are polarized from an axonal bouton onto a dendrite. Glomerulus: spherical neuropil containing the terminal fields of OSNs and the apical dendrites of mitral, tufted, and periglomerular cells. The glomerular neuropil is compartmentalized into regions containing either the axodendritic synapses of OSNs or the local circuit dendrodendritic synapses between mitral/tufted cell dendrites and the periglomerular cell dendrites. Each glomerulus is molecularly specific in that it receives afferent input from OSNs expressing the same OR. Interneurons: periglomerular and granule cells, the inhibitory neurons of the olfactory bulb both function to inhibit mitral cells via feed-forward and feedback reciprocal dendrodendritic synapses. Mitral and tufted cells: the primary projection neurons found in the olfactory bulb and receiving synapses from OSNs. Odorant receptor (OR): a 7-transmembrane G-protein coupled receptor that binds molecular features of odorants with moderate selectivity. Binding of an odorant initiates a signaling cascade that opens cyclic nucleotide-gated channels and an action potential. There are $1200 different ORs identified thus far in the main olfactory epithelium of mice. Olfactory cortex: a general term that can include any regions receiving input from the primary projection neurons in the olfactory bulb. Olfactory sensory neuron (OSN): a bipolar neuron whose apical dendrite arborizes into multiple cilia at the surface of the olfactory epithelium within the lumen of the nasal cavity. The cilia are surrounded by mucous. A thin 0.2 mm unmyelinated axon extends from the basal pole of the OSN and travels as part of the olfactory nerve to the olfactory bulb, without branching until it arborizes within 1 of the $3700 glomeruli in the olfactory bulb. Subventricular zone (SVZ): a developmental remnant of the specialized proliferative epithelia surrounding the lateral ventricles. Located on the lateral wall, it is composed of stem cells, intermediate progenitor cells, neuroblasts, and glia. In contrast to most ventricular regions, the SVZ continues to generate new interneurons, periglomerular and granule cells, in the adult. These migrate to the olfactory bulb via an extremely well delineated pathway, the rostral migratory stream.
